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摘  要 
i 
摘  要 




（ISFET） 等基于电信号传感的 pH 电极引起广泛关注，但都存在各自的不足之
处。 
金属 Pd 具有较高的吸氢能力，因而可制成 Pd-H 电极，用于 pH 检测。Pd-H
电极具有传感原理明了、pH 测量范围广、可用于非水体系等优点，而且可以制
备成微型 pH 电极进行微区 pH 测量。然而，反复充氢时可能引起的 Pd 晶格变化
限制了电极的寿命，且存在 pH 测定响应速度较慢、Pd-H 电极中的氢原子含量易
受 O2 影响的缺点。 
本论文通过在 Pd 电极表面沉积 Pd 黑，以改善表面的反应活性，从而提高
Pd-H 的电化学交换电流密度，达到改善 Pd-H 性能的目的。本论文的主要研究内
容如下： 
1. 通过制备特定纳米结构的 Pd 黑覆盖层增大表面积并提供新鲜的 Pd 表面
层，从而提高 H 在表面的还原吸附能力，起到增大电极反应的交换电流密度的
作用。Pd 黑-H pH 电极的稳定性、响应时间以及线性关系受到 Pd 黑厚度和形貌
的影响，控制沉积电流密度（16.7 mA/cm2）和沉积时间（120-240 s），可制备
厚度在 1.5 μm 左右均匀分布的针状钯黑颗粒，该 Pd 黑电极的交换电流密度明显
提高；制备的 Pd 黑-H pH 电极其 pH 响应斜率为-59.3 mV/pH，响应时间小于 15 
s，且溶解 O2 的影响明显减小。 
2. 通过简单的浸蘸法化学沉积 Pd 黑于 Pd 针尖电极的尖端，获得特殊纳米
结构的 Pd 黑覆盖的 Pd 黑微电极。所制备的 Pd 黑-H pH 电极对全范围的 pH 响
应线性好(-58.7 mV/pH), 短响应时间为 7～8 秒，并表现出良好的 pH 实时监测
性能，适合于生物体系中局域 pH 值的实时检测。  
 


















pH, one of the most important parameters of aqueous solution, plays an 
important role in many fields. Traditional pH electrodes are depended on various 
pH-sensitive glass membrane electrodes. However, pH-sensitive glass membrane 
electrodes which have high ohmic resistance, can be interfered by F- and Na+ in high 
pH solution. What’s more, it is difficult for the pH electrode to miniaturize because of 
to its big volume and be liable to be broken. As a result, in recent years, researches on 
the metal electrodes, polymer membrane pH electrodes, metal/metal oxide pH 
electrodes and ion-selective field effect transistor (ISFET) have attracted much more 
attention. However, there are still many disadvantages for these electrodes. For 
example, Pt-H electrodes as pH sensors require bubbling of the H2 into the solution to 
be detected, while metal/metal oxide electrodes are still easy to be interfered by the 
coexisting redox systems. 
Palladium has a high hydrogen absorption capacity, so it can be fabricated into 
Pd-H electrode for pH detection. Pd-H electrodes have many advantages in measuring 
pH, such as simple principle and wide pH range. Moreover，they can be used to detect 
pH in the non-aqueous system. However, the change of crystal lattice of palladium 
restricts the life of the Pd-H when the charged hydrogen repeatedly. Meanwhile, these 
Pd-H electrodes are slow in pH response and susceptible to dissolved oxygen.  
Here we improve performance of Pd-H pH electrode by depositing palladium 
black on the Pd surface to increase the surface reactivity of Pd, and thereby enhancing 
the electrochemical exchange current density of the Pd-H electrodes. The main 
research contents are as follows: 
1. The electrochemical exchange current density and hydrogen on the surface 
reduced adsorption capacity can be improved through the preparation of specific 
nano-structure Pd black layer to increase the surface area and provide fresh surface of 
Pd electrode. The stability, response time, as well as the linear relationship of Pd 
black-H pH electrode,which influenced by the thickness and morphology of deposited 
Pd black. The uniform distributed needle-like particles of palladium black with 
thickness about 1.5 μm can be prepared by controling the deposition current density 
(16.7 mA/cm2) and time(120-240 s). So, higher stability and sensitivity of Pd-H pH 















pH response slope of -59.3 mV/pH and response time less than 15 s, and the 
significantly reduced impact of dissolved oxygen. 
2. Pd black pH microelectrodes have been made from palladium tip electrodes, 
which are prepared by AC electrochemical etching in solution containing C2H5OH 
and HCl followed by side-wall insulation. The exposed area of the Pd tip electrode 
were chemically deposited to form a film of Pd-black which shows special 
nano-structure morphology.  The Pd black pH microelectrodes posses high stability 
and sensitivity with a good Nernstain slope of -58.7 mV/pH at 25°C and the shortest 
response time of 7 to 8 seconds. The palladium black pH microelectrodes can be used 
to detect the pH of different solutions. Furthermore, the Pd-black pH microelectrodes 
demonstrate good performance of real-time monitoring of pH, suitable for real-time 
detected the local pH value in the biological systems and can be used in the 
microenvironment.  
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